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ABSTRACT 

w A s e r i e s  o f  one-dimensional and two-dimensional  computer c a l c u l a t i o n s  

x was performed t o  analyze t h e  performance c h a r a c t e r i s t i c s  o f  an H.D.L. - 
designed, normal ly-open t ype  s t r e s s  wave sw i tch .  The computer r e s u l t s  show 

some d i f f e rences  w i t h  respec t  t o  t h e  pub l i shed  exper imenta l  data.  



INTRODUCTION 

A t  t h e  reques t  o f  Har ry  Diamond Labora to ry ,  a s e r i e s  o f  one-dimensional  

and two-dimensional  machine c a l c u l a t i o n s  was performed u s i n g  LLL computer 

codes KOELAS and HEMP (Ref .  1 & 2 ) .  These codes were used t o  e v a l u a t e  t h e  

c l o s u r e  response o f  a model designed by H.D.L. f o r  s i m u l a t i n g  t h e  performance 

of a normal ly-open, s t r e s s  wave impact s w i t c h  (Ref .  3 ) .  

The two conpu te r  codes used i n  t h i s  a n a l y s i s  were developed f o r  LLL by 

Mark L. W i l k i n s .  They use t h e  methods o f  f i n i t e  d i f f e r e n c e s  and t h e  Langrangian 

f o r m u l a t i o n  t o  s o l v e  t h e  conse rva t i on  equa t ions  o f  one- and two-dimensional  

e l a s t i c - p l a s t i c  f l o w .  

Jn t h i s  r e p o r t ,  t he  performance c h a r a c t e r i s t i c s  f o r  t h i s  s t r e s s  wave 

sw i tch ,  as p r e d i c t e d  by t h e  codes, w i l l  be compared t o  t h e  exper imenta l  data  

t h a t  were generated by H.D.L.  

DISCUSSION 

The model used by H.D.L. f o r  gene ra t i ng  exper imenta l  da ta  on t h e  per -  

formance c h a r a c t e r i s t i c s  o f  a normal ly-open, s t r e s s  wave impact s w i t c h  i s  

descr ibed  i n  F i g .  1.  P r i o r  t o  impact,  a smal l  gap separates t he  i n s u l a t e d  

c o n t a c t  f rom t h e  s w i t c h  p l a t e .  A f t e r  be ing  impacted by t h e  p r o j e c t i l e ,  a 

s t r e s s  wave i s  generated i n  t h e  s w i t c h  p l a t e .  When t h i s  s t r e s s  wave reaches 

t he  f r e e  su r f ace  o f  t h e  p l a t e ,  o p p o s i t e  t h e  con tac t ,  i t  d i sp l aces  t h i s  su r face .  

If t h e  s t r e s s  wave i s  of s u f f i c i e n t  magnitude and d u r a t i o n ,  i t  w i l l  cause t he  

f r ee  su r f ace  t o  c l o s e  t h e  gap and a c t i v a t e  t h e  sw i tch .  

The exper imenta l  da ta  and t h e  r e s u l t s  o f  two d i f f e r e n t  one-dimensional 
a-r analyses f o r  t h e  performance o f  t h i s  sw i t ch ,  as descr ibed  i n  Reference 3, 

i 
a r e  shown i n  F i g .  2. The lower  cu rve  was generated by impedance match ing 

methods, and t h e  o t h e r  cu rve  was f rom a one-dimensional e l a s t i c  

stress-wave computer code. 



The model used f o r  t h e  KOELAS 1-D c a l c u l a t i o n s  i s  descr ibed  i n  F ig .  3.  

A  s e r i e s  of i n f i n i t e  p l a t e s  a re  used t o  model t h e  va r i ous  sw i t ch  edements. 

Each element i s  sub-div ' ided i n t o  zones, and t h e  number o f  zones per  elenlent 

i s  i n d i c a t e d  i n  t he  f i gu re .  Because o f  i t ' s  r e l a t i v e  s i ze ,  t h e  gap was t r e a t e d  

as a  v o i d  i n s t e a d ' o f  an element c o n s i s t i n g  o f  a i r .  Th is  e l i -m ina ted  zonal 

i n s t a b i l  i t y  problelns f rom o c c u r r i n g  i n  t h e  computer c a l c u l a t i o n s  and has no 

adverse e f f e c t  on t h e  r e s u l t s .  

The lower  curve  i n  F i g .  4  shows t he  r e s u l t s  o f  t he  KOELAS 1-D computer 

c a l c u l a t i o n s  f o r  an impact v e l o c i t y  o f  29.0 m/sec. Th is  curve  i n d i c a t e s  a  

t r a n s i e n t  t ime  f o r  t h e  s w i t c h  p l a t e  o f  approx imate ly  3 psec. The l o n g i t u d i n a l  

shock v e l o c i t y  f o r  t h i s  p l a t e  was c a l c u l a t e d  a t  5.3 mmlps, which i s  i n  agree- 

ment w i t h  pub l i shed  da ta  f o r  stain1,ess s t e e l .  The code 's  v o i d  r o u t i n e  i n d i c a t e s  

t h a t  a  sepa ra t i on  between t h e  p r o j e c t i l e  and s w i t c h  p l a t e . o c c u r s  a t  approx imate ly  

32 vsec. In genera l ,  t h e  KOELAS r e s u l t s  p r e d i c t  c l o s u r e  t imes much f a s t e r  

than t he  exper imenta l  data.  

~ l g u r e  5 shows t he  diagram f o r  t h e  sw i t ch  used i n  t he  HEMP 2-D computer 

c a l c u l a t i o n s .  I n  t h i s  case, each element was d i v i d e d  i n t o  a  g r i d  c o n s i s t i n g  

of  J-  and K- l ines .  The K - l i nes  49,-52 and 52 represen t ,  r e s p e c t i v e l y ,  t h e  

f r e e  surface and impact su r f ace  of t he  sw i t ch  p l a t e  and t h e  impact sur face of 

t h e  p r o j e c t i l e .  The s w i t c h ' s  a x i s  o f  symmetry i s  represented by t h e  l i n e  5-8. 

For s i m p l i c i t y  i n  zoning, t h e  brass con tac t  was e l i m i n a t e d  as one of t h e  elements 

i n  t h e  HEMP c a l c u l a t i o n s .  

The upper two curves i n  F i g .  4  were generated by HEMP, and t hey  rep resen t  

the  p o s i t i o n - t i m e  h i s t o r y  o f  t h e  node p o i n t  K-49, 5-8 f o r  impact  v e l o c i t i e s  

o f  24.0 and 29.0 m/sec. As expected, t he  HEMP c a l c u l a t i o n s  compute c l o s u r e  

t imes slower than  t h e  1-D c a l c u l a t i o n s ,  b u t  s t i l l  much f a s t e r  than t h e  e x p e r i -  

mental data.  HEMP a l s o  shows a  gradual  chanqe o f  s l ope  i n  t h e  curves a t  about 

40 t o  45 psec, w h i l e  t h e  exper imenta l  da ta  i n d i c a t e  a  s tep  change a t  50 psec. 

Th is  change i n  f r e e  su r f ace  v e l o c i t y  can be a t t r i b u t e d ,  as shown i n  F ig .  6, t o  

t h e  sepa ra t i on  o f  t he  swit.ch p l a t e  from the  p r o j e c t i l e .  F igure  6'shows t h e  

separa t ion  o c c u r r i n g  a t  about 39 psec f o r  t h e  29.0 m/sec impact  v e l o c i t y .  



SUMMARY -- 

The KOELAS 1-D computer c a l c u l a t i o n s  f o r  t he  s t r e s s  wave s w i t c h  per-  

formance showed 1  i m i  t e d  agreement w i t h  t h e  exper imenta l  data.  The c l o s u r e  

t imes were cons ide rab l y  f a s t e r  than t h e  raw data,  and, a l so ,  they  showed no 

i n d i c a t i o n  o f  a  s t e p  change i n  performance a t  50 ~ s e c .  

The HEMP r e s u l t s ,  which a r e  more r e p r e s e n t a t i v e  o f .  t h e  system, a l s o  

showed c l o s u r e  tittles f a s t e r  than  t h e  raw data,  b u t  they  d i d  i n d i c a t e  a  s l i g h t  

change i n  performance a t  approx imate ly  45 psec. 

S ince n e i t h e r  KOELAS, UEMP o r  t h e  H.D.L. 1-0 a n a l y s i s  were capable of  

p r e d i c t i n g  t he  sw i t ch  ope ra t i on  w i t h  adequate accuracy, a  ques t i on  must be 

r a i s e d  as t o  t h e  accuracy of  t h e  exper imenta l  p o i n t s ,  e s p e c i a l l y  s i n c e  each 

p o i n t  represen ts  t h e  r e s u l  t s  of o n l y  one exper iment.  Addi t i o n a l  exper iments 

would p rov ide  da ta  which cou ld  a i d  i n  r e s o l v i n g  t h e  d iscrepancy between t he  

computer p r e d i c t i o n s  and t he  exper imenta l  data.  
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